
_ _ _
~~~ — - -— 

-- —- --

- 27 -

in a principa l plane of the pure homo geneous deformation .

In this case necessary  and suffi cien t conditions that the

rela tions [8. 9] be sat isf ied are

W1
+ A ~W2 > 0  ,

1 
[8.10]

W
11 

+ 2A~W12 
+ A

1
~W22 

> -
~

(
~ 

- A~ 
- 

~:-~)~ 
(W 1

+A~W2)

(i=l ,2,3)

The condit ions [8 . 10]~ 
were previous ly obta ined by Baker  and

Ericksen (26) and are usually referred to in the literature as

the Bake r -Er i cks en condit ions . I t  has a lso been shown by Sawyers

and R i v l i n , in u n p u b l i shed wo rk , that the condition ~ > 0

follows from the Baker-Ericksen conditions.

The conditions [8.10] can also be obtained (27) from the

following considerations . We con si der the materi al to be sub-

jec ted to a pure homogen eous de forma tion as befo re . We now

superpose an infinitesimal simple shear for  wh i ch the plane of

shear is a pr i ncipal pl ane of the pure homo geneous de forma tion

and the directi on of shear is tha t o f a uni t vec tor , K say ,

ly ing  in th i s  p lane . We conside r the ch ange , as a resul t of

this  supe rposed simp le shear , in the tracti on in the direc tion

of K acting on unit area of a plane parallel to K and to

the normal to the pr inc ipal plan e cons i dered.  The ra t io be tween

this traction and the amount of shear is the incremental shear

modul us . The relations [8.10 ] are necessary and sufficient

con di tions for  thi s to b e pos itive for all cho ices of K in

a pr inc ip al plane.
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9. B i fu rca t i on  so lu t ions  for  a th ick  p l a t e  unde r thrus t

An example of ano ther  type of i n i t i a l  s t ress  problem wh i ch

can be solve d , without imposing restrictions on the form of the

strain-energy function beyon d those implied by isotropy and

incompress ib il ity ,  is provi ded by the calculat ion of the bifur-

cation condi tion for  a th ick  re ctan gular p la te of isot rop ic

incompressible elastic material , sub jected to b iax ia l  loading.

Suppose the edges of the p l a t e  are p a r a l l e l  to the axes

of a rectan gular  car tesian coordina te sys tem x and tha t the

length s of these  ed ges are 2~~1, 2~ 2 ,  2~~3 (2~~3 >> 
~~~~ 

2
~ 2
)

The plate is subjected to a pure homogeneous deformation , wi th

ex tension ra tios A1, A2, A 3 and p r inc ipa l  d i r ec t ion s pa ra l l e l

to the axes of the system x , and is held  so tha t A
3 remains

f ixed , the faces perpendi cular to the 2-direction being force-

free.  The value s of A1, A2 are then vari ed ( in accordance ,

of co urse , wi th the incompress ib i l i ty cond iti on A 1A2 = A~~)

and the c r i t i ca l  value of A (= A2 / A 1) is dete rm ined for which

a bifurcation of the flexural or barreling type in the 12-plane

can exis t . The f aces in iti ally perp endicul ar to the 1-di rec tion

are cons train ed , so that they remain perpendicular to the 1-direction

and the tan gen ti al surface trac tion is zero ove r them. Whi le

these cons tr ain ts are admi ttedly somewha t ar ti f i c ial , they have
* the meri t that , wi th them , the problem can be solve d exactly.

We denote the wave - length of the superposed flexural or

ba r r e l i ng  de formation by 2 -rr/~l , so that

= n-mr/22 1 (n=l ,2 ,...) . [9.1]
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Then , the cr it ical value of A , a t which a b i fu rca tion from

the state of pure homog eneous deform ation becomes poss ible , is

given, for spec i f ied  value s of n ( i .e. of the mode of the

superposed flexure or barreling) and of 22/2 1 , by

tanh Q2~ 2 - 
(c~~~~+A

2
c~

2 

~~~

tanh 
~1~2 

- 

~~
2+A 2~

2 ) ~~~~~

or [9 .2 ]
2 2 2 2

tanh Q1~2 (Q +A Q

tanh — 

I~O~+A
2
~2) 

cl~

accordin gly as the superposed de form at ion is of the f lexural

or barreling type . 
~~ 

and 
~2 

are de fi ne d by

= ~ ~~ [l+A 2+A(l A)2] ± [{l+A 2+A (l~ A) 2}
2
~ 4A 2J

½ } , [9.3]

where A is defined by

2(A +A )2

A = 
1 
2
2 (W + 2A 2W +A 14

W ) . [9.4]
W + A W 3 1  3
1 3 2

Equat ion s [ 9 . 2 ]  were apparent ly  first derived by Wesolowski

( 28).

It follows from eq. [9.3] that formally, at any ra te , we

may discuss the implication s of eqs . [9.2] in three distinct

cases:

(i)  ~~ and are bo th pos it ive ,

(ii) c~ and are comp lex con jugates ,

( ii i)  ~~ and are bo th ne gative .

It is apparent from eq. [9.3] that case (iii) arises if and

only if

.4-
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A (
A+ 1
)
2 

, [ 9 .5]

case ( i i )  ar i ses i f and on ly if

(
A+i
)
2 c A < -l , [9.6]

and ca se ( i ) ar ise s i f and only if

A > -l . [ 9.7]

The necessary conditions [8.10] foi material stability

derived earlier impl y tha t we n eed con sider  onl y ca ses ( i )

and (ii). We shall , in fact , con sider only case C i ) .

In order to discuss the q u al i t a t i v e  i m p l i c a t i o n s  of

eq s. [9.2], Sawyers  and Rivlin (29) found it convenient to

rewri te them in the form

s i n h [ ( 2 A ½cosh t 5 ) r~] = 
[(l+A 2)2-4- 4 sinh 25]cosh ~ , [ 9 .8]

sinhf (2A sinh 6)ri } [_ (1_A ) c
~#.4 cosh’6lsinh 6

where

fl7T~t 1 2
= 

~~~ 
= and sinh2i5 = ~~

-
~~

- (l+A) (X -l) [9 . 9]

and the p lus  and minus  si gns in eqs .  [ 9 . 8 ] ,  apply to super-

posed d e f o r m a t i o n s  of the f l e x u r a l  and b a r r e l i n g  types r e spect i ve ly .

Equa t ions  [ 9 . 8 ]  may be regarded  as equa t ions  for  the

determination of ~2G , and hence of n~ 2/~ 1 , c o r r e s p o n d i n g

to a specified critical value of A . Th en , provided A > - ]

•‘

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~



—-- --- ---

- 31 -

i.e. , 6 is real , it is f a i r l y easy to prove the fol lowing

theorems :

(a) If A-(l , corresponding to the s i t u a t i o n  when the appl ied

force in the 1-direction is tensile or zero , nei ther of

the eqs. [9.8] has a real solution for n22/~1 . Accord-

ingly in this case no bi furca t ion of e ither the f lexural

or barr el in g type is poss ib le .

(b) If A >l , corresponding to the s i t u a t i o n  when the applied

force in the 1-direction is a thrust , and the upper sign

in eqs. [9.8] is taken , so tha t we are consider ing only

superposed deformations of the flexural type, then one and

only one solution for n~2/~
,
1 exists provided that

4 cosh 2mS - (X-l)2 > 0 [9. 10]

and no solu t ion exis ts if

4 cosh 2 m5 - (A-l)2 < 0 . [9.11]

(c) If A>l and the lower sign is taken in eqs. [9.8] , so that

we are consid er in g superposed deforma t ions of the barr elin g

type , then one and onl y one solution for n2 2/~ 1 exists

provided tha t

-~~ 4 cosh~ m5 - (A-l)2 < 0 [9.12]

and no solution exists if

4 cosh 26 - ( X- l ) 2 
> 0 . [9.13]

I t fo l low s tha t wha tever may be the  s t r a i n- e n e r g y  func t ion ,

subject to the restriction A >-l , the r anges  of c r i t i c al  va lues

of A at wh ich b i fu rca t ions of the f lexur al and ba r r e l i n g  types

.4-
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can occur are di screte. The value of A separating these

regions is , of cours e , giv en by

4 cosh~ r5 - (A-l) 2 0 , [9.14]

and , wi th eq. 
~~~~~~ 

by

A 3 
- (3+A)A 2 

+ (2A-l)A - (l+A) = 0 . [9.15]

We bear in mind here that if the expression for W as a function

of I~ and ‘2 is known then the dependence of A on A is

also known .

For any constant value of A we can plot n against the

critical value of A for a bifurcation to occur . We obtain

curves of the form shown in Fig. 1. Generally, the situation

A = cons tan t is somewha t ar t i f ica l* . However , curves such

as those in Fig . 1 can be used to de termin e the crit ical values

for bifurcations of the flexural and barreling types , corre-

sponding to ~~~ spec if ied stra in- ener gy func t ion and a spec i f ied

value of ii , and hence of n2~2/2~1 . Fro m Fi g . 1 we read of f ,

for the specif ied value of r~ , corres pondin g va lu es of A and

A , for flexure, say. We plot these on a grap h and on the same

grap h we plo t corresponding values of A and A ob ta ined from

the expression [9.4] for A with the specified strain-energy

function. The intersection of these two curves gives us the

cri tical value of A f or a b ifur cat ion of the f l exur al type

to exis t . An analo gous procedure using A vs .  A curves for

barrel ing ,  ob tain ed from F ig .  1, enabl es us to de termine the

*An exceptio n arises in the case of the Mooney—Rivl in strain—
energy function for which A=0

.4
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critical value of A for a bifurcation of the barreling type

to occur .

A particularl y interesting conclusion results in the case

when n , and hence nZ2/~ 1 , is small (30). Using eq. [9.8]

with the plus sign , we can ob tain the fo l low ing formula for the

critical value of ri , corresponding to bifurcation of the

f lexura l  type , as a function of n , in the form

A - i = a1n
2 

+ a2n
14 

+ a3~
6 

+ a14~
8 +0(~

10 ) , [9.16]

where

- — 2 
— 

16 — 2 r l8’~a 1
—

~~~~~~~~, a . , — 4-~~, a
3 - 5-~- ( A 0

+ --7—) , —

a14 = ~~ (A~ + , [9.17]

and

= Lt A . [9.18]

It is easy to sho~ th at ~h at ever may be the expression

for ~%

• ()(~ -l )~ A~ + 0(r,14) . [9.19]

~se see f r o m  m n i s  re~~t 1 t n~~~t the c r i t i c a l  value of A-i is

ind cp€- n ient ot up t - ~ terms of order ri ’~ . Also , it depends

on ~ on1~ through A t S  second deri~- :m ti ve , evaluated in the

state for wh ich the thrus t is zero , up to terms of order

so that for t i 1  -i:i t~- -r ials having :t strain-energy of the Mooney-

Riv lin form , the critical value of k - i is the same up to terms

8of ord er n .

4 To give some quantit ative feel for the insentivity of the

S
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critical value of A to the value of n and hence of

we mention that if A0=0 and rj = .793 , which for n= l corre-

sponds to 
~2’~ 1 

= 0.505 , the valu e of A ob tained by tak ing

the first three terms in eq. [9.16] is 1.608 and that obtained

by using the exact formula [9.8] is 1.600 , corresponding , if

A
3
=l , to compressions of 21.14 and 20.94 per cent respectively.

A paral lel  insens itivity of the compr essive force to the

precise form of the strain-energy func tion is al so found . The

compressive for ce F , per unit cross-sectional area measured

in the undeformed state , is given by

F = ~4A~~ T0 (a1fl2+a2fl
14+bfl6+cfl8) + O(~

10) , [9.20]

where

b = ~~
- (A 0

+~ -~-) , c = 
~~~~~~~~~ 

(A 0
-~-~~--g-~-) . [9.21]

and

T = (W +A 2W ) I  . [9.22]
0 1 3 2  X=1
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Quantico , Virginia 22134

Director
National Bureau of Standards
Washi ngton , D.C. 20234
Attn : Mr. B.L. Wilson , EM 219.
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PART 2 - CONTRACTORS AND OTHER

TE CHNI CAL COLLABORATORS

Univers i t ies

Professor J.R. Rice Professor Paul M . Nuqhdi
Division of Engineer ing  Div. of App i .  Me s~ 
Brown Un ive r s i ty Etcheverry H a l l
Provi N~:nce , Rhode Island 02912 University of Ca1i~~ -r n i a

Be rkeley , Ca 1iforn i~ 9 4 7 2 0
Dr. J. rinsley Oden
i k ot .  of Engng. Mechanics Professor ~

- .

univers ity of Alabama University of California
Unn~~~ville , Alabama 35804 Dept. of Aero ~~~~~~~~ and Mech . Engng.

La Jolla , California 92037
P r o f e s s o r  R . S .  Rivl in
Center for the Application of Professor 3. Baltrukonis

Mathematics  Mechanics Division
LeilLgh Univers i ty  The Cathol ic  U: ive r~ L t y  of America
Bethlehem , Pa .  18015 Washington , D . C .  20017

Professor Julius Miklowitz Professor A.J. Durelli
Div.  of Eng g. & Appl . Science Mechanics Division
C a l i f o r n i a  Ins ti tute of Tech . The Cathol ic  Un i v e r s i t y  of America
Pasadena , Ca l i fo rn ia  91109 Washington , N . C .  20017

Pro fes so r  George C. Sih Professor  H .H. Bleich
Department of Mechanics Dept. of Civil Nnonq .,
Loiii :h University Columbia Univ~~. ~ity
Betl~L-hem , Pa.  18015 Ams terdam & 120th Stree t

New York , N . Y .  ~0027
Dr. Harold Liebowitz, Dean
School of Engng.  & Appl. Sci., Professor R . L) . Nindlin
George Washington University Department of Civil Engng.
725 , 23rd Street Columbia Univ~~r s it v
~cash~ ng ton , D.C. 20006 S.W. Mudd BuiiJ~ ng

New Yo rk , N . Y .  10027
Professor Eli Sternberg
Div.  of Engng .  & Appl.  Sc i . ,  Professor  A . ’~. Fr e u d e n t h a l
Ca l.  f n ~i tit u t e  of Technology George ~~~~~~~~~~~~~~~~~~ 

- ~n ive r s i ty
Pasadena , California 91109 School of Enqn i . ~ Appl.  S c i . ,

Wash ing ton , D . C .  2 0 0 0 6
• Professor Burt Paul Dean Bruno ~~~ . Eci L~~Univers i ty  of Pennsylvania Technological  Insti tntc

Towne School of Civil and Nor thwes te rn  T J n ~~ver s i ty
~4~ chanical  E n g n g . ,  2145 Sher idan Roa-0

-
~~ Room 113 Towne Bui lding Evans ton , I l li no i s .  60201 .

220  South 33rd Street
Phi l  ici c lphia , Pa .  19104 Professor  P . G .  ~~~~~~~~~~

Deoa r tment of A~~r~~~~~ cc E n g n g .
P ro fe s so r  S . B .  Dong & M e c h an i cn , U n i v .  ~~ ~~nnesota
U n i v e r s i t y  of Ca l i fo rn i a  Minneapol is , :-iinnesot~i. 55455.
Don~~rtrreii t of Mechanics
Los Angeles , California 90024 Dr. D.C. Dru~- --~ - r

Dean of En g in cr i n q
Univers i’ -: of I l l i n o i s
Urbana , I l l i n o i s  61801.
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Professor N.M. Newinark Professor A.C. Eringen
Dept. of Civil Engng. Dept. of Aerospace & Mech . Sci.,
University of Illinois Princeton University
Urbana, IlLnois . 61801 Princeton , New Jersey . 08540

Professor James Mar Dr. S.L. Koh
Mass. Institute of Tech. School of Aero., Astro. & Engng.Sci .
Room 33-318 Purdue University
Dept. of Aerospace & Astro Lafayette , Indiana. 47907
77 Massachusetts Ave.
Cambridge, Mass. 02139 Professor R.A. Schapery

Civil Engineering Dept.
Library (Code 0384) Texas A & M University
U.S. Naval Postgraduate School College Station , Te xas . 77840
Monterey , California. 93940

Professor E . H .  Lee
Dr. Francis Cozzarelli Division of Engng .  Me chanics
Div. of Interdisciplinary Stanford University
Studies and Research Stanford , California. 94305

Schoo l of Engineering
State University of N.Y. Dr. Nicholas J. Hoff
Buffalo, New York . 14214 Dept. of Aero. & Astro.,

Stanford University
Professor R.A. Douglas Stanford , California 94305
Dept. of Engng. Mechanics
North Carolina State Univ., Professor Max Anliker
Ral eigh , Nor th Carolina 27607.  Dept . of Aero . & Astro.

S t a n f o r d  Univers i ty
Dr. George Herrmann S t an for d , Cal ifo rnia 94305
Stanford University
Dept. of Applied Mechanics Professor Chi-Chang Chao
Stanford, California 94305 Div. of Engng. Mechanics

Stanford University
Professor J.D. Achenbach Stanford , California 94305
Technological Institute
Northwestern University Professor H.W. Liu
Evanston , Ill inois 60201 Dept. of Chem. Engng. & Metal.

Syracuse University
Director, Ordnance Research Lab. Syracuse , New York 13210
Pennsylvania S tate Univers ity
P.O. Box 30 Professor S. Bodner
State College, Pa. 16801 Technion R & D Foundation

Haifa , Israel
Professor J. Kempner
Dept. of Aero., Engng., & Dr. S. Dhawan, Director

Applied Mechanics Indian Institute of Science
Polytechnic Inst.  of Brooklyn Bangalore , India
333 Jay Street
Brooklyn, New York 11201 Professor Tsuyoshi Hayashi

Department of Aeronautics
Professor J. Klosner Faculty of Engineering
Polytechnic Inst. of Brooklyn University of Tokyo
333 Jay Street Bunkyo-Ku
B rooklyn , New York . 11201 Tokyo , Japan .
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Professor J.E. Fitzgerald Dr. Y. Weitsman
Chairman , Dept. of Civil Eng. Dept. of Engng. Sciences
University of Utah Tel-Aviv University
Salt Lake City , Utah . 84112 Ramat-Aviv , Tel—Aviv , Israel.

Professor R.J.H. Bollard Professor W.D. Pilkey
Chairman , Aero . Engng. Dept., Dept. of Aerospace Engng.

• 207 Guggenheim Hall University of Virginia
University of Washington Charlottesville , Virginia 22903
SeaLtle , Washington. 98105

Professor W. Prager
P rofessor A .S .  Kob ayashi Division of Engineering
Dept. of Mech. Engng. Brown University
University of Washington Providence, Rhode Island 02912
Seattle, Washington 98105

Industry & Research Institutes
Professor G.R. Irwin
Dept. of Mechanical Engng. Mr. Carl E. Harthower
Lehigh University Dept. 4620 , Bldg. 2019 A2
Bethlehem , Pa. 18015 Aerojet-General Corp.

P.O. Box 1947
Dr. Daniel Frederick Sacramento, California. 95809
Dept. of Engng. Mechanics
Virpinia Polytechnic Inst.
Blacksburg , Virginia. 24061 Library Services Department

Report Section , Bldg. 14-14
Professor Lambert Tall Argonne National Laboratory
Lehigh University 9400 S. Cass Avenue
Dept. of Civil Engng. Argonne , Illinois. 60440
Bethlehem , Pa. 18015

Dr. F.R. Schwarzl
Professor M.P. Wnuk Central Laboratory T.N.O.
So. Dakota State University Schoenmakerstraat 97
Dept. of Mechanical Engng. Deift, The Netherlands.
Brookings , South Dakota 57006

Dr. We n~t~~ ~-
-

~~~~

Prof essor Norman Jones Val~~~~ Forge -8~ ace Technology C~n.
Mass. Institute of Tech . ~~e~eral~~ .~~ctric Qe~ —~~~~
Dept. of Naval Arch . & Mar .Engng. ~~Val]~~~~ orge,).~~ l04~~

g
~~ n ( i i~~~

Cambridge , Mass. 02139
Library Newport News Shipbuilding

Professor Pedro V. Marcal & Dry Dock Company
Brown University Newport News, Virginia 23607
Division of Engineering
Providence , Rhode Island 02912 Di rector

Ship Research Insti tute
Professor Werner Goldsmith Ministry of Transportation

p. Dept . of Mech. Engng. 700 , SHINKAWA , Mi tak a
Division of Appl. Mechanics Tokyo , Japan.
University of California
Berkeley , California. 94720 Dr. H.N. Abrainson

Southwest Research Inst i tute  —
Professor R.B. Testa 8500 Culebra Road
Dept. of Civi l  Engng .  San Antonio , Texas . 78206 .
Columbia Univ. , S.W. Mudd Bldg.
New York , N.Y. 10027,
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Dr. R.C. DeHart
Southwest Research Institute
8500 Culebra Road
San Antonio , Texas. 78206

Mr. Roger Weiss
High Temp . Structurs. & Matt is.
Applied Physics Lab.
8621 Georgia Avenue
Silver Spring, Maryland. 20910

Mr. E.C. Francis , Head
Mech . Props . Eval .
United Technology Center
Sunnyvale , California . 94088

Mr. C.N. Robinson
Atlan tic Research Corp.
Shirley Highway at Edsall Road
Alexandria , Virginia. 22314

Mr. P.C. Durup
Aeromechanics Dept. 74-43
Lockheed-California Co.
Burbank, California. 91503

Mr. D. Wilson
Litton Systems , In c.
PJ4TD, Dept. 400
El Segundo
9920 W. Jefferson Blvd.
Culver Ci ty , California. 90230 .

Dr. Kevin J. Forsberg, Head
Solid Mechanics
Orgn . 52—20 , Bldg. 205
Lockheed Palo Alto Research Lab.
Palo Al to , California. 94302.

Dr. E.M.Q. Roren
Head , Research Department
Det Norske Veritas
Post Box 6060
Oslo, Norway.

Dr. Andrew F. Conn
Hydronautics , Inc.,
Pindell School Road
Howard County
Laurel , Maryland.  20810.
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PART - 3

A Supplement List for Reports Mr. J.D. Ray , Chief
Relating to the Mechanical Behavior Plastics & Composites Branch
of Viscoelastic Materials. Nonmetallic Mat’ls Division

Air Force Mat’ls Laboratory
Army Wright-Patterson AFB, Ohio 45433

Army Missile Command NASA
Redstone Arsenal , Alabama 35809
Attn: AMSMI-RKP Mr. T.H. Duerr National Aeronautics & Space Adinin.

Code RPS (R.W. Ziem)
Ballistic Research Laboratories Washington , D.C. 20546
Aberdeen Proving Grounds
Aberdeen , Maryland. 21005 Universities
Attn: Dr. Alex S. Elder

Mr. H.P. Gay Professor F.R. Eirich
Polytechnic Inst. of Brooklyn

Picatinny Arsenal 333 Jay Street
Dover , New Jersey. 07801 Brooklyn , New York . 11201
Attn: Mr. Ben Lehman . —

Profess9.r~A.V. Tob9k-~1cy 
~~~~~~~~~~Navy Dept,~-6f Chemis~r~ —

~~~P~~icceton U rsity~~-~Chief of Naval Research ~~rinceto~.q-1’~ew Jers€y. 08540 
,
,‘

Department of the Navy
Arlington, Virginia . 22217 Dr. Rodney D. Andrews
Attn : Code 472 Themis Project Director

Dept. of Chemistry and
U.S. Naval Weapons Center Chemical Engineering
China Lake, California 93557 Stevens Institute of Technology
Attn : Code 6058 Dr.A. Adicoff Hoboken , New Jersey . 07030

Naval Air Systems Command Professor F. Wagner
Department of the Navy Solid Rocket Struct. Integrity Ctr.,
Washington , D.C. 20360 Dept. of Mechanical Engng.
Attn : NAIR Code 330 Propulsion University of Utah

5367 Rocket Components Salt Lake City , Utah . 84112

Naval Ordnance Systems Command Dr. M.L. Williams
Depa rtment of the Navy Dean of Engineer ing
Washi ngton , D.C.  2036 0 University of Utah
Attn: NORD Code 0331 Prop. & Propellants

Salt Lake City , Utah . 84112.
Air Force

California Inst. of Technology
Commander Attn : Security Of f i ce r
Rocket Propulsion Laboratory ( fo r  P r o f .  W . G .  Knauss)
Edwards AFB , California 93523 1201 East California Blvd .
Attn : RPMC Dr. F.N. Kelley Pasadena , California. 91109.

MKPB Mr. N. Walker
University of California
College of Engineer ing
Professor K.S. Pister
Be rkeley , Cal i fornia .  94720 .
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Indus try & Research Institutes

Mr. W.K. Bills , Jr., Dr. Paul J. Blatz
Dept. 4722, Bldg . 0525 Shock Hydrodynamics, Inc.
Aerojet-General Corporation 15010 Ventura Boulevard
P.O. Box 1947 Sherman Oaks,
Sacramento , California. 95809 Los Angeles, California. 91403.

Mr. Ross H. Petty
Technical Library
Allegany Ballistics Lab .
Hercules Powder Company
P.O. Box 210
Cuznberland , Maryland. 21501

Mr. R.F. Landel
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California. 91103

Mr. Harry  Leeming
Director, Research & Engng.
Lockheed Propulsion Company
P . O .  Box 111
Redlands, California. 92374

Solid Rocket Division
Rocketdyne
P .O .  Box 548
McGregor, Texas. 76657

Dr. Thor L. Smith
IBM Research Labs.,
Monterey & Cottle Roads
San Jose , California. 95114

Hercules , Inc., Bacchus Works
S.C. Browning
Magna, Utah . 84044

Dr. Norman Fishman
Stanford Research Institute
Propulsion Sciences Division
Menlo Park , California. 94025.

McDonnell-Douglas Corp.
— 

Douglas Aircraft Company Div.
• R.V. Mellette , A2-260

3000 Ocean Park Blvd.
Santa Monica, California. 90406.

Hercules, Inc.,
Bacchus Works
Jame s H. Thacher
Magna, Utah. 84044.
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